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Abstract. Legumes have the ability to form symbiotic interactions with soil bacteria, called rhizobia.
Bacteria of the genus Rhizobium are able to convert atmospheric nitrogen into ammonia when
compounds are exchanged between the bacteroid and its plant host. The present study describes the
characterization of Rhizobium strains isolated from root nodules of Trifolium pratense and Medicago
sativa grown in a greenhouse. The main objective of the experiment was to identify which medium is
more suitable for the development of different strains of rhizobia. The Rhizobium strains are rod
shaped, Gram negative and mucus producing. The rhizobia were identified and isolated using different
media yeast extract mannitol agar (YEMA) containing Congo red, and a medium including boron (B),
an essential micronutrient. The Petri plates were incubated at 28ºC and inspected three days after the
inoculation. The colony morphology was analysed based on type, appearance, transparency, colour
and the effectiveness of boron on Rhizobium growth.
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INTRODUCTION
The bacteria of the genus Rhizobium (family Rhizobiaceae) are a genetically diverse
and physiologically heterogeneous group of microorganisms and have the ability to nodulate
groups of plants of the family Leguminosae (Somasegaran and Hoben, 1985). During
symbiosis bacteria (rhizobia) have the ability to transform atmospheric nitrogen into ammonia
which is then further transported and assimilated by the plant.
The formation of nodules on roots of crop species is influenced by numerous
environmental factors (Dart, 1974; Richardson et. al., 1988). A stress factor may also have
more than one effect: for example salinity may act as a water stress, which affects the
photosynthetic rate, or may affect nodule development, restriction on root colonization,
inhibition of infection process or deterioration of active nodule functioning (Aboulhasani et.
al., 2010).
The most problematic environments for rhizobia are marginal lands with low rainfall,
extremes of temperature, acidic soils of low nutrient status, and poor water-holding capacity
(Zahran, 1999). The nutritional diversity of soil habitats and the rhizosphere influences the
number of rhizobia (Wielbo et. al., 2010), but Rhizobium species have developed a number of
mechanisms that allow them to survive even in a limited nutrient and then to resume growth
once conditions are favourable again (Djordjevic et. al., 2003 cited by Fox, 2005). Rhizobia
species may differ in their micronutrient requirements even when grown under uniform
environmental conditions (Lombin and Bates, 1982).
Mohammadi et. al. (2012) evaluated that nutrient stresses are indirectly caused by
changes in soil matrix potential or acidity, both of which limit the bioavailability of
micronutrients. The concentration of micronutrients in soil solution depends on the physical
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and chemical characteristics especially pH and pE. In saline and sodic soils, the solubility of
micronutrients is particularly low and plants grown in these soils often experience
deficiencies in these elements (Na+/Ca2+, Na+/K+, Ca2+/Mg2+, and Cl-/NO3-) (Grattan and
Catherine Grieve, 1993).
The rhizobial characteristics from two species have been examined with the aim of
identifying the most suitable media for Rhizobium species. Boron (B) is an essential
micronutrient required for normal plant growth (Sommer and Lipman, 1928 cited by Bolaños
et. al., 1994). Many studies showed the B requirements of red clover and alfalfa (Lombin and
Bates, 1982; Sherrell, 1983), the B levels varies from species to species, alfalfa require high
levels of B in nutriment solution while red clover grows with relatively low B levels
(Yamagishi and Yamamoto, 1994). pH and environmental factors are two important factors
which affects the availability of B (Gupta, 1979 cited by Sherrell, 1983). B plays an essential
role in nodule development and studies shows that under low B nodules were not functional
and become prematurely senescent (Bolaños et. al., 1994) and boron deficiency leads to
aberrant nodule organogenesis, with significant reduction of infection (Redondo-Nietro et al.,
2001 cited by Reguera et. al., 2009). The physiological role of B has been related to the
chemistry of borate ions: boric acid and forms anions by accepting hydroxyl ions (Bolaños et.
al., 1996). To study the action of B, B was put in a culture media.
Yeast extract mannitol agar (YEMA) is the most commonly used medium for the
culture of rhizobia, and is made from either yeast water preparations, or commercial yeast
extract powders and pastes (Sherwood Marie, 1972).  Nutrient media such as yeast extract
mannitol, soil extract and rhizobial minimal media are found to be very suitable for the
growth of rhizobia. The standard medium includes mannitol, sucrose or glycerol as the carbon
source, yeast extract as o source of nitrogen, growth factors and mineral salts (Singh et. al.,
2013). These ingredients are expensive and it is therefore important to search for a cheap and
easily obtainable media that meet rhizobial growth requirements appropriately.
This paper reports an examination of the most suitable medium used for the growth
of Rhizobium trifolii and Sinorhizobium meliloti and the effect of adding B to culture media
on growth.
MATERIAL AND METHOD
Rhizobial isolates used in this study were obtained from red clover (Trifolium
pratense) and alfalfa (Medicago sativa) grown in a greenhouse. With a shovel, a circle with a
radius of approximately 7 cm was drawn around the plant and a clump was slowly lifted out.
Carefully the soil was removed from the root material using hands. Fresh nodules from clover
and alfalfa were collected from the greenhouse from vegetation plots and transferred to the
laboratory for immediate testing.
After collecting healthy nodules from the root plants (1 g), they were placed in a
small tube and washed with running tap water for few minutes to remove soil. They were first
examined under the microscope with the oil immersion objective. Then they were sterilized in
sodium hypochlorite (Domestos commercial solution) for 5 minutes, after that they were
washed with sterile water. This treatment was followed by four changes in sterile water using
sterile forceps to transfer the nodules.
The basic culture medium used for isolation and routine growth of Rhizobium Yeast
extract mannitol agar with Congo red (YEMA) (M1), containing: K2HP04 – 0.5 g, NaCl – 0.1
g, MgS04 x 7 H2O - 0.2 g, CaC03 - 3 g, mannitol - 10 g, yeast extract – 0.2 g, Congo red – 2.5
ml (1% w/v), agar - 12 g. Congo red is a useful indicator in isolation, and has an inhibitory
effect on gram positive organisms. The ingredients were mixed in 1000 ml of distilled water
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and autoclavated at 121°C for 20 minutes. The pH medium was adjusted to 7 and was used as
control.
The second medium (M2) for aerobic N2 fixing microorganisms contains: mannitol -
10 g, soil extract - 10 ml, standard saline solution - 50 ml, solution of trace elements - 1 ml,
CaCO3 - 0,5 g, agar - 12 g. The ingredients were mixed in 1000 ml of distilled water and
autoclavated at 120°C for 20 minutes. The pH medium was adjusted to 7.0 in standard saline
solution (K2HPO4 – 5 g, MgSO4 x 7 H2O – 2.5 g, NaCl – 2.5 g, Fe2(SO4)3 – 0.5 g, MnSO4 –
0.05 g, H2O – 1000 ml) and solution of trace elements (FeCl3 x 6 H20 – 1.5 g, H3BO3 – 0.1 g,
ZnSO4 – 0.01 g, Co(NO3)2 – 0.005 g, CuSO4 – 0.005, MnCl2 – 0.005, H20 – 1000 ml). Both
solution were prepared separately and autoclavated at 110°C for 15 minutes.
Third medium with yeast extract, mannitol and soil extract (M3) contains: Yeast
extract - 1g, mannitol - 10 g, soil extract - 200 ml, agar - 12 g. The ingredients were mixed in
1000 ml of distilled water and autoclavated at 121°C for 20 minutes. The pH medium was
adjusted to 8.
The last medium used was with mannitol, yeast extract and boric acid (M4)
containing: mannitol – 0.5 g, Yeast extract – 0.1 g, K2HP04 – 0.5 g, NaCl – 0.1 g, MgS04 x 7
H2O – 0.2 g, CaC03 - 3 g, H3BO3 – 0.2 g, agar - 12 g. The ingredients were mixed in 1000 ml
of distilled water and autoclavated at 121°C for 20 minutes. The pH medium was adjusted to
7.0 with 0.1 M NaOH.
The nodular tissue was crushed in 1 ml sterile water in a Petri dish. Serial dilutions of
the nodule homogenate were made and 1 ml of inoculum was spread on plates and then
different media were added. A dilution of 10-5 was used for each species. Mixing was
performed gently by moving the covered dish first clockwise and the counter-clockwise on
the table. All plates were incubated at 28°C in the dark and the observations were performed
at three days after inoculations. Rhizobium was subjected to different cultural characterization
(shape, texture, colour, size) and Gram staining was performed.
All the experiments were repeated at least three times and the data was statistically
analysed with Polifact program (one-way ANOVA test and Duncan test). The following
formula was used to calculate the number of colonies formed (CFU): number of colonies x
inverse dilution x 10.
RESULTS AND DISCUSSIONS
Using 100 X oil immersion objective using a bright field illumination the rhizobia
cells could be observed (Fig. 1). These bacteria strains are fast-growing, Gram negative and
appear pink after straining. The Rhizobium genus includes bacilli that are rod-shaped to
pleomorphic, 0.5 to 0.7 microns in diameter and 1.0 - 2.0 microns long, forming random
colonies.
They can grow on a wide range of carbohydrates, but usually grow best on glucose,
mannitol or sucrose and in general are easy to culture. They grow well in the presence of
oxygen and use amino and simple carbohydrates. Optimal growth for these bacteria occurs in
a temperature range of 25-30°C, and at a pH of 6 - 7.
On all media cultured the dimension of colonies grown were different in terms of
their size, for example colonies of Sinorhizobium meliloti were smaller than colonies of
Rhizobium trifolii as illustrated by the large number of CFU’s observed on the plates (Fig. 2
and Fig. 3).
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Fig. 1. Cells of rhizobia A. Rhizobium trifolii, B. Sinorhizobium meliloti
The shape of the colonies was conical with a smooth margin, the colour and the
texture was watery to translucent. The size of the colonies varied from 3 mm to 4 mm, but in
crowded plates colonies remained smaller. For the YEMA (M1) rhizobia didn’t absorb Congo
red because the plates were incubated in the dark and the colonies remain pink (Fig. 2).
Fig. 2. Different media of Rhizobium trifolii (M1-YEMA, M2- Aerobic N2 fixing microorganisms,M3- Yeast extract, mannitol and soil extract, M4- mannitol, yeast extract and boric acid)
Fig. 3. Different media on Sinorhizobium meliloti (M1-YEMA; M2- Aerobic N2 fixing
microorganisms; M3- Yeast extract, mannitol and soil extract;
M4- mannitol, yeast extract and boric acid)
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Plate counts on all 4 media (Tab. 1.), showed that for Rhizobium trifolii the
difference of growth were not significant and all cultured registered similar number of
colonies. The first medium (M1) showed a smaller  number of CFU (2833) than it expected
compared to second medium (M2) which showed the highest number of colonies (3866). An
explanation of this could be the large number of elements used in the preparation of the
complex medium. The third medium (M3), the one with the soil extract, was the simplest in
terms of its composition, being also a relatively cheap one.
Due to these factors it could be used further in this research, as well as in other
laboratories. This medium registered a similar number of colonies (2033) compared with the
control. The smallest number of colonies (1650) was obtained in the forth medium (M4)
supplemented with boric acid, which may lead to a decrease of the rhizobia number on the
plates.
In the studies regarding Sinorhizobium meliloti strain the results obtained were
different from the first strain analysed. YEMA (M1) showed the highest number of colonies
(8783), as it was expected and it is the most suitable one for the growth of the rhizobia.
The second medium (M2) although it has the highest number of elements in his
composition the number of CFU which have grown was the smallest (1650) compared with
the control.
The number of colonies which developed on the third (M3 - 7183) and fourth (M4 -
7283) media were similar to the control and the differences were insignificant. In the forth
medium (M4) in which boric acid was added the number of colonies (7283) developed
indicated the most resembling value in comparison with the control which means that the
boric acid added to the medium leads to a significant growth of the number of rhizobia.
Tab. 1
The influence of different culture media on the Rhizobium trifolii and Sinorhizobium meliloti.
Variant CFU % to Difference tocontrol
Significance
of the
difference
Duncan
test
M1 2833.33 100.0 0.00 Mt. A
M2 3866.67 136.5 1033.33 - A
M3 2033.33 71.8 -800.00 - ARhizobium trifolii
M4 1650.00 58.2 -1183.33 - A
M1 8783.33 100.0 0.00 Mt.   B
M2 2600.00 29.6 -6183.33 000 A
M3 7183.33 81.8 -1600.00 -   B
Sinorhizobium
meliloti
M4 7283.33 82.9 -1500.00 -   B
DL (p 5%) 2317.99
DL (p 1%) 3253.69
DL (p 0.1%) 4593.45
Regard to number of colonies formed on all media, Sinorhizobium meliloti showed a
larger number of CFU compared to Rhizobium trifolii which has a lower number of colonies
(Fig. 4).
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Fig. 4. The average number of colonies formed in different media (M1-YEMA, M2- Aerobic N2
fixing microorganisms, M3- Yeast extract, mannitol and soil extract,
M4- mannitol, yeast extract and boric acid)
CONCLUSION
The optimum medium for the growth of Rhizobium trifolii was seen to be M2 with
mannitol, saline solution and trace of elements; YEMA (M1) also appeared to work well.
Sinorhizobium meliloti developed better on (M1) and on the medium with boric acid. In
conclusion the response to levels of B varies from species to species, Sinorhizobium meliloti
require a higher levels of B in medium composition while Rhizobium trifolii grows with low
levels of B.
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